Abstract: Contradiction between Hawking's semi-classical arguments and string theory on the evaporation of black hole has been one of the most intriguing problems.
boundary condition at the black hole singularity such that no information is absorbed by the singularity. The final boundary state is maximally entangled states of the collapsing matter and infalling Hawking radiation. The projection of final boundary state at the black hole singularity collapses the state into one associated with the collapsing matter and transfer the information to the outgoing Hawking radiation. The HM model is further refined, by including the unitary interactions between the collapsing matter and infalling Hawking radiation [5] , and a random purification of the final boundary state [6] .
One of the critical assumptions in the HM proposal is that the internal quantum state of the black hole can be represented by maximally entangled states of collapsing matter and infalling Hawking radiation. This ansatz is important because the final state boundary condition of the HM proposal is based on this maximally entangled internal quantum state [4, 5] . Recently, the author proved the HM ansatz for the special case of collapsing gravitational shell of the Schwarzschild black hole [7] .
In the HM model, the boundary state outside the event horizon is assumed to be the Unruh vacuum state [8, 9] . As a matter of fact, Hawking's original discovery can be regarded as imposing a boundary condition at the event horizon. The author would like to denote it as Hawking boundary condition (HBC) in contrast with the final-state boundary condition (FBC) proposed by HM (Fig. 1) . HBC dictates that the quantum states inside and outside the event horizon of the black hole are maximally entangled.
The significance of this scenario is that the black hole formation and evaporation process can be put into a unified picture by combining HBC together with FBC. given by
where S is a unitary transformation. The initial matter state n M evolves into a state
Then the transformation from the quantum state of collapsing matter to the state of outgoing Hawking radiation is given by the following final state projection [6] 
where right side of Eq. (3) 
I would like to note that we can also regard T' as a tunnelling Hamiltonian [10] and the evaporation rate will be proportional to 2π h f 0 .
Now we consider the case of imposing Unruh excited state [11, 12] as HBC on the black hole evaporation problem. The Unruh excited state is obtained by applying the Bogoliubov transformation [9, [11] [12] [13] on the Unruh vacuum state and is given by 
The final state projection yields
The fidelity of information transfer f 1 from the collapsing matter to going Hawking radiation is given by
Gottesman and Preskill considered the generalization of HM proposal by considering the unitary interaction U acting on H M ⊗ H in , i.e., the Hilbert space of collapsing matter and infalling Hawking radiation [5] . In their generalization, the final boundary state is given by
where the unitary transformation U takes into account the interactions of the collapsing matter with the quantum field fluctuations after horizon crossing but before the arrival at the singularity. Moreover, HBC is prepared in the infinite past and logically U is supposed to be turned on after the HBC is prescribed. In order to answer this, we consider the following transformations;
and
In eqs. (9a) and (9b), two states belong to H in are contracted with each other. In order to make T 1 and T 2 equivalent to each other, the matrix U should be of the following form;
where
Now the question is whether U is unitary or more specifically, U is unitary. 
where λ l is the Schmidt coefficient for random state whose distribution is presumed to be known [14] . Random FBC also takes into account the stochastic interaction of collapsing matter and the infalling Hawking radiation [5] . Substituting Eq. (12) into
By normalizing ?
φ 0 out , we obtain the state of outgoing Hawking radiation, which is given by
Then the fidelity of information transfer for the Unruh vacuum state is given by
Likewise, by substituting eq. (12) into eq. (5), we obtain
By normalizing ? φ 1 out , we obtain the state of outgoing Hawking radiation, which is given by
which is orthogonal to φ 0 out .
The fidelity of information transfer for the Unruh excited state is then given by
In Eq. (15) and Eq. (18), we assumed Φ 0 in ⊗out and Φ 1 in ⊗out respectively as HBC. In this model, fidelity for the information transfer from the collapsing matter to the outgoing Hawking radiation is zero and as a result the evaporation rate may also be suppressed when the Unruh excited state is taken as HBC. In general, the fidelity f 1 would be in the range 
By the way,
Substituting eqs. (21) and (22) into eq. (20). We obtain in ⊗out would suppress the transfer of information from the collapsing matter to the outgoing Hawking radiation. As a result the evaporation of black hole may also be affected by the boundary condition as well.
Unfortunately, changing the Hawking boundary condition of the black hole from the Unruh vacuum state to the Unruh excited state would be nontrivial and may require extremely high-energy excitations. Certainly, this is beyond the capability of near future civilization. On the other hand, in quantum optics, the excitation of the Unruh excited state can be done by the single photon excitation of the two-mode squeezed state [15] . The primordial black holes in the early universe submerged in a dense soup of high energy particles might be in the Unruh excited state and as a result have longer lifetime than the lifetime predicted by Hawking [2] . Those surviving primordial black holes may be part of the dark matter in our universe. It has not escaped the author's notice that equations (4) and (6) also suggest the information exchange with a black hole [16] may not be strictly forbidden, in principle, by modulating HBC.
